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Introduction
It is a well-known phenomenon that individuals tend to overestimate their abilities, what is referred to as being overconfident (e.g. Fischhoff et al. (1977) and Lichtenstein and Fischhoff (1977) ). The most famous example is that a majority of individuals think that they have better driving skills than the average driver (Svenson (1981) ). However, in studies like this one it is not always clear, whether agents are really overconfident in the sense that their self-assessment is systematically biased (i.e. mistakes do not cancel out on average). While people have many occasions to assess their driving skill and that of others, many experiments involve tasks which are new to subjects and therefore lead to mistakes or a too high prior. One way to disentangle random mistakes from systematic biases is to let subjects repeatedly solve a task and give them feedback about their (relative) ability. 1 Were agents actually biased (and not only make mistakes or have a too high prior), repetition and feedback should not reduce overestimation, thus, there is overconfidence. Had they simply a too high prior about being better than the average, because they never solved such a task before, then for example, feedback and repetition should reduce overestimation, i.e. there is no real bias. The aim of our experiment is to examine the effects of feedback about the relative ability on individuals' self-assessments. We define overconfidence as the systematic overestimation of one's relative ability.
2
The effects of feedback on overconfidence have already been examined in some psychological studies, where subjects perform calibration tasks with ambiguous results. While Pulford and
Colman (1997) and Sharp et al. (1988) find that feedback does not influence overconfidence, Adams and Adams (1961) and Lichtenstein and Fischhoff (1977) find that feedback reduces overconfidence or can improve calibration, respectively. However, these studies differ in the form of feedback that is provided. Pulford and Colman (1997) give outcome feedback (the correct answers to the posed questions), whereas the others give performance feedback (information about realism of confidence) or statistical feedback (training in probability and calibration).
Our experiment differs in the following important dimensions from the psychological studies:
we introduce performance related payments 3 , subjects do not have to carry out a calibration task, but simply estimate their relative ability, the instructions are not "framed" and finally we try to classify different groups, who react differently to feedback. Using performance related payments provides subjects with the right incentives to try hard to make the correct self-assessment. This is important since some of the ambiguities in the experiments by psychologists might be due to the lack of such payments. The calibration task (stating confidence intervals for the answers to questions) is quite difficult and maybe a reason why feedback does not necessarily help if subjects are not familiar enough with it. Further, assessment of one's relative ability (compared to absolute ability which most psychologists considered) seems most 1 There are other techniques to reduce overconfidence in decision making as the de-biasing technique used by Koriat et al. (1989) who let the subjects write down reasons why an answer to a question is correct or wrong. 2 There are other definitions of overconfidence, e.g. that people overestimate their ability (without comparison to others), overestimate the precision of private relative to public signals, have an illusion of control or are miscalibrated in the sense that they overstate the precision of their own estimates. 3 Lichtenstein and Fischhoff (1977) pay subjects, but the payment is not performance related.
relevant for economic settings: For example, in a tournament not the absolute ability matters, but the relative abilities of the player and his opponent(s). Additionally, it may even be easier to assess one's relative ability than the absolute one. Moreover, psychologists "framed" their instructions, which implies that people might be influenced in their decisions just by the wording of the instructions which makes the interpretation of results more difficult. We want to avoid this possible influence by using a neutral language. 4 Lastly, it is interesting to see how different individuals react to feedback, i.e. to classify different groups of individuals rather than just focus on the average impact of feedback. This helps to understand better what proportion of subjects is overconfident and especially why subjects are overconfident.
The aim of our study is to examine the effects of the economically most relevant form of feedback, circumventing the aforementioned problems. Subjects answer multiple choice questions over several rounds and then assess repeatedly their relative ability, which is simpler for subjects not used to statistics than a calibration task. They receive very precise feedback about their relative performance and their number of correctly answered questions (i.e. the absolute ability) before a new round starts. This provides hence indirect information on the goodness of calibration (concerning relative ability) and direct information on the absolute and relative ability. The feedback about one's relative and absolute ability corresponds rather to outcome feedback (like giving the correct answers to questions) than to performance feedback and may facilitate learning. We pay subjects (the amount depends on the decisions) and use a neutral language in the instructions: we call e.g. the "better than the average group" "group A" and so on.
The most closely related papers in economics are the experiment by Camerer and Lovallo (1999) and the study by Ferraro (2005) . Camerer and Lovallo (1999) consider a market entry game in which individual payoffs depend on a subject's relative ability and find excess entry. Ferraro (2005) tests whether people assess their own abilities correctly or rather overestimate them. In the field experiment he conducts students are asked after an exam to estimate how many questions they answered correctly and their ranking. This procedure was repeated in the following two exams. Feedback in the form of personal grades and the distribution of grades in the first and second exam, respectively, showed little impact on self-estimation and overconfidence. Compared to our study subjects could not perfectly deduce from this information their relative rank. Moreover, since during the exams some time passed, subjects had the opportunity to prepare for the next exam. This preparation might influence self-assessment and could not be disentangled from the effects of feedback.
Our study is also related to the behavioral finance literature and the experiments conducted in this field (For an overview of this literature see Barberis and Thaler (2002) The design of our experiment is roughly as follows. In the beginning the participants answer 90 questions, which are divided into six blocks. After each block of questions the subjects make a decision, for which the payoff depends on the relative ability of each subject compared to a control group. Thus, we can back out of the subjects' decisions their beliefs about their rank relative to the subjects in the control group. After each round -i.e. before making the decision for the current round -subjects are told, whether they performed better or worse than the median in answering the questions the round before. Lastly, subjects assess their overall ability in the end.
Our main finding is that feedback has some impact on the decisions of individuals, however not on all, thus there are different groups of individuals. Roughly one group of subjects ignores its feedback more or less completely, in another one subjects are from the beginning on relatively sure about their ability and some individuals seem to be unsure about their ability and react to the feedback. For the latter ones it is interesting to note that feedback does not always improve the decision, but seems to confuse some subjects, who make more mistakes in the later rounds than in the beginning. This is an interesting new finding, since from previous studies a wrong decision was often interpreted as a refusal to learn from feedback. We show that mistakes are not always due to ignorance, but to an overreaction to feedback. However, there are also subjects, for whom feedback improves the decisions. When assessing their overall ability almost all subjects do so correctly, which means that they used the feedback during the rounds to update their priors. We further examine, whether subjects are more likely to follow positive or negative feedback with the result that most subjects react more to good news.
The paper is structured as follows. Section 2 describes the experimental procedure. Then we present and discuss the results in Section 3 and the last Section concludes.
Experimental Design
The computerized experiment was conducted at the University of Bonn and programmed with z-Tree by Fischbacher (1999) . A total of 30 students participated in two sessions for which subjects were recruited via the internet by using the ORSEE software by Greiner (2003) . During the experiment, the subjects earned Taler, converted into Euros in the end, where 210 Taler = 1 Euro. Average hourly earnings were 10 Euros. The instructions 5 were read out loudly before the experiment started. Subjects also answered control questions to make sure that they understood the experimental procedure.
5 Avaible upon request.
In the baseline question session (Session Q) 15 subjects answer 90 general knowledge (multiple choice) questions, which are divided into 6 blocks. After each block subjects state how many questions they think, they answered correctly in this block. The number of correctly answered questions will be called absolute ability or type of a subject in the following.
In the feedback session (Session F ) 15 subjects answer the same questions, divided in the same 6 blocks. Here, subjects state after each block of questions whether they think that they belong to the upper or lower 50% compared to the subjects in Session Q in this block. The upper or lower 50% are determined as follows: Subjects are ranked according to their number of correctly answered questions, a higher number implying a higher rank. If two or more subjects have the same number of correctly answered questions, the subject who answered the correct questions faster receives the higher rank. The lower 50% are then subjects with ranks 1-8 and the upper 50% the ones with ranks 9-16. Thus, the relative ability (type) of an individual is, whether it belongs to the upper or lower 50%. Note that, we avoid formulations like "the best 50% of subjects" and call the upper and lower 50%, group A and B, respectively.
Starting with the second block of questions, subjects receive the information to which group they belonged to -i.e. their relative type -and how many questions they answered correctly -i.e. their type -in the previous block. By telling the subjects how many questions the have correct we avoided one additional source of uncertainty. After their decision regarding block 6, subjects finally assess to which group they belong to when all questions are considered.
The payoffs for the questions and decisions are as follows. To avoid confounding hedging effects we randomly selected one of the six blocks for the question part and one for the decision part at the end of the experiment (by two independent draws). For each correctly answered question in this block subjects earned 270 Taler minus 0.9 Taler for every second a subject needed for its correct answers. The assessment task was rewarded based on the other randomly drawn block at the end of the experiment. In Session Q subjects received 300 Taler if they stated their number of correct answers correctly. In Session F a subject received 1500 Taler (roughly 7 Euros) if it placed itself in the correct group A or B respectively, otherwise it got 180
Taler (roughly 0.85 Euros). For a correct overall assessment after the last round the subjects got 300 Taler and for a wrong one 20. Finally, subjects in Session F got 525 Taler for showing up.
Results
Analysing Session Q, we find that the average type for each block of questions is 6.5 whereas the average belief of the subjects about their type is 8. This difference is not for every block significant (Wilcoxon test). Nevertheless, a difference of one and a half correct questions on average is quite large. If we divide subjects into those who are over-or underconfident 6 or those 6 We define an overconfident individual as one that believes it has answered more questions correctly/is in a better group than it actually has/is. Overall we consider subjects as over-/underconfident, when in at least four blocks they over-or underestimate their type. The relatively unbiased subjects have three correct guesses.
who are unbiased, we see that a majority of subjects (73.3%) is overconfident. The average absolute difference between true type and belief -i.e. the average absolute bias -of the overconfident subjects is 3.27, of the underconfident subjects (13.3%) it is 1.72 and of the unbiased (13.3%) it is 0.79. This shows that people have severe problems with their self-assessment.
Across rounds, these numbers stay roughly the same. 7 The average type in Session F is 6.6, thus almost the same as in Session Q. 8 Considering the relative self-assessment one sees that roughly half of the subjects are wrong each period (see below for more details) and that of this half the majority is overconfident.
Considering the overall effect of feedback on self-assessment, we note that feedback helps to improve the correctness of the predicted ability of the whole population. 9 In the last three decision rounds only 6 people on average (only 5 in the last) made the wrong decision. The average in the first three rounds is 7.7. However, there are differences between subjects. If we divide subjects into two groups -one group with all subjects, who change their belief over the rounds more than one time (Group II) and the other group with those, who change it zero or one time (Group I) one sees the following in Figure 1 : The number of mistakes in Group II is actually increasing and for Group I it is decreasing. This finding could be interpreted in the following way: subjects, who are relatively unsure (in the sense that they change their belief very often) about their ability seem to get more confused by the feedback and make more and more mistakes after receiving more and more information. For subjects, who are relatively sure about their ability, feedback helps to improve the decisions further.
[ Figure 1 ]
Are mistakes due to ignorance of feedback as one might suspect? In Figure 2 , we see that a majority chooses the same action as they got feedback about the previous round. We divided the subjects, who react to feedback in two groups in Figure 3 : In Group A are those subjects, who made less than two mistakes and in Group B are the ones, who made at least two mistakes in total. One sees that the group that makes more mistakes is more often in line with its feedback. This indicates that subjects, who make many mistakes do not ignore their feedback, but follow it "too" much, i.e. they overreact.
[ Figure 2] [ Figure 3 ]
However, although some subjects seem not to profit from feedback, one should note that even though subjects make mistakes, they do not make the same mistake twice in a row. Without the one subject, who ignored feedback completely and made every round the wrong decision, in only 15 percent of all decisions the same mistake was made twice in a row, indicating that 7 Types as well as beliefs do not differ significantly over rounds according to a Wilcoxon test. 8 There is no significant difference across treatments according to a Mann-Whitney U test (p > 0.5). 9 We do not find a significant improvement between the first round and the last one according to a Fisher exact test (p = 0.355 one-sided).
subjects seem to react to their feedback and do not repeat their mistakes. However, their reaction might be wrong.
Examining further the reaction to feedback, we see that subjects are more likely to follow "good news" which is shown in Figure 4 : A majority of subjects chooses group A, although they received feedback B. 10 But interestingly, the second largest group is the one, that received feedback B (being in the lower 50 percent group) and followed this feedback. Thus, there is no clear evidence in our experiment that subjects ignore bad news as psychologists claimed.
If one looks at the percentage of subjects making mistakes for the groups in Figure 4 one can see that the largest fraction of mistake-making subjects can be found under those subjects, who ignore their feedback and here especially those subjects make the most mistakes, who claim to be in the upper 50% after receiving the opposite feedback.
[ Figure 4 ]
In Figure 5 we can further see how feedback that is (not) constant (not) helps to improve the decision of subjects. We see here that subjects, for which the group (A or B) changed from the previous round to the actual round ("change in position"), make more often mistakes than subjects, whose position did not change.
[ Figure 5 ]
We observe that the feedback about the relative type is not consistent across rounds for all subjects. Note that we consider feedback as consistent, when is changes at most once over time. This happens especially for those subjects where the type varies a lot over the different blocks, e.g. from 3 up to 11, and for those who are just around the median type When we account for this fact and look at subjects with consistent feedback separately, we see that in each round, the latter subjects represent on average 80.5% of those who make a correct decision. Interestingly, in the first decision (where subjects have not yet received any feedback) these subjects represent only 37.5% of those being correct. This indicates that feedback strictly improves their decision. According to a Fisher exact test, we can reject the hypothesis that correct and wrong guesses for subjects with consistent feedback are not related between the first and the last round in favor of the alternative that there are more wrong (correct) guesses in the first (last) round (p = 0.0594 one-sided). For subjects who have alternating feedback, we cannot reject the independence hypothesis if we compare average guesses of the first five rounds (p = 0.28 one-sided) with the last one (if we consider the first and last round, there is even the hint that guesses worsen (p = 0.051 one-sided)).
For the overall assessment in the end, feedback is not ignored. Here, only four people were wrong. One of them always said he belongs to the top 50 percent, although he was always told he does not. Two subjects got three times a good feedback and three times a bad one -and seemed to be thus unsure; one seemed to ignore its failures. Remarkably, ignoring failures did not occur more often, as it is observed by psychologists (See e.g. Barberis and Thaler (2002) for an overview). This might be due to the fact that in our experiment subjects are paid more 10 However, it is still the larger fraction that followed the feedback.
for a correct decision.
For the final decision, observe again that those subjects who receive consistent feedback build the majority (73%) of those who make the correct guess. According to a Fisher exact test (p = 0.0594 one-sided), we can again reject the hypothesis that correct and wrong guesses for those subjects are not related between the first and the overall desision in favor of the alternative that there are more wrong (correct) guesses in the first (overall) decision. For subjects who do not have consistent feedback, we again cannot reject the independence hypothesis (p = 0.5 onesided). Moreover, we see that subjects with higher abilities made the better final assessmenteven if all subjects learned about their relative position quite well. Total types range from 26 to 56. Subjects with types larger than 41 correctly state that they belong to the top 50% (with one exception), whereas not all of those with types smaller than or equal to 39 state that they belong to the worst 50%.
Finally we want to have a closer look at subjects' different reaction to feedback: The first group, with 40% of the subjects, almost (i.e. at most one exception) has a constant feedback and also makes most times (with at most one exception) the right decision. Thus, this group consists of people, who are good or bad in the question task and also know or believe this as they made the right decision already in the first round. Their behavior is consistent with their feedback perhaps because their belief about themselves is reinforced by the feedback they receive. Out of this group, one subject always received the "good" feedback, except for one time. For the round, in which it got the "bad" feedback, it said that it belongs to the worse group. One of these subjects has always been told that it belongs to the lower 50% and it only said once that it belongs to the upper 50%. Lastly, one subject got once a "bad" feedback, which it ignored. The second group with 13% ignores feedback completely -incidentially these were also the people, who made most often mistakes when evaluating themselves, never getting it right or only once. These people seem to have no sense of their relative ability, which may be due to their unresponsiveness to feedback that they receive about their type. The third group (47%) is responsive to their feedback. One subject always followed the direction of the feedback, even though the feedback is about the relative ability for the questions of the block before. Five subjects ignored bad news in the beginning, but then, with some delay, after receiving repeatedly bad news, they started to change their choice. Two of those subjects changed their belief then so dramatically that they ignored good news in the end. Finally, one person ignored good news initially and followed more the bad news. Taking these observations together, one sees that feedback has a strong impact -on average only four people deviated from their feedback in each decision round.
Conclusion
In general, subjects tend to be biased (especially overconfident) when estimating their relative abilities. In our experiment we provide subjects with precise feedback about their relative ability. We find that this feedback is used differently by individuals. A large group clearly uses it to make their decisions, a small group ignores it and another group seems to know their relative ability. Overall, feedback helps some subjects to make better decisions and thus to reduce mistakes, while others seem to get confused and make even more mistakes. These people do not make mistakes because they ignore their feedback, but because they do not ignore it.
Thus, overall it is not clear, whether "overconfidence" is a real bias or just a mistake, since the decrease in mistakes is driven by one group that uses the feedback in the right way, while for the others the mistake rate increases. Therefore, overestimation does not vanish completely over time. Percentage of subjects in a group that make mistake Group I Group II All Subjects Percentage of subjects deciding in line with feedback
Group A Group B Figure 3 : Reaction to Feedback. Group A: subjects that made less than two mistakes; Group B: subjects that made at least two mistakes. Percentage of subjects who make mistakes vs. no mistake after (no) change of position Group Mistake C Group NoMistake C Group Mistake NoC Group NoMistake NoC in Position
